If different analytical methods are alternatively used for the determination of the same analyte, basic differences in test methodology can give rise to an increased number of deviating results. Such coexistence of methods might be necessary, for example, during a transition phase while upgrading to new technologies. We have exemplarily investigated this topic for the comparison of solid phase chemistry ("dry chemistry") versus conventional methods ("wet chemistry"). The Kodak Ektachem 700XR clinical chemistry analyser was compared with the Hitachi 737 analyser from Boehringer Mannheim using 18 clinical chemical analytes and specimens submitted for routine analysis. Before the Start of the evaluation, the Ektachem 700XR was adjusted ("calibrated") by the manufacturer for optimal agreement with the Hitachi 737.
chemistry alone, and also within single laboratories. This is because economy dictates the continuous use of functionally still reliable equipment, while Investments in new Instruments eventually will favour dry chemistry-based devices. In the present paper, we wish to concentrate on the latter aspect. The central question can thus be formulated äs:
What are the consequences (regarding the medical Interpretation of laboratory results) if analytical results are determined (probably within short intervals between determinations) sometimes using solid phase chemistry and sometimes using conventional chemistry?
We have not investigated this topic in its füll generality, but have taken an exemplary, pragmatic app roach by considering two devices, the Hitachi 737 and the Kodak Ektachem 700XR, which we think can serve äs representative models for the study of their intrinsic analytical techniques. We have further reduced generality by focussing on analytical principles adapfed for German laboratories, which differ, for example, from the respective procedures used in the United States.
One can expect to observe discrepancies caused by different sensitivities to interferences like drugs, or properties of the specimen like viscosity (5) . The conversion of enzyme activities from 37 °C (Ektachem 700XR) to 25 °C (Hitachi 737) and different reaction conditions (e. g. buffers) will lead to biased results, if the temperature response is non-linear or if isoenzyme patterns vary (6, 7) . This study is not concerned with the establishment of ranks between the two analytical methodologies or the two Instruments used äs representatives for these methodologies. We have not attempted to evaluate the "true" value of two diverging results by use of, e. g., a definitive or reference method, but have restricted our investigation to reporting the magnitude and frequency of differences found for samples from the daily routine analysis in our laboratory. The reported figures are intended to serve äs a guideline for the discrepancies one has to expect, if solid phase chemistry and conventional chemistry are applied simultaneously.
Both Hitachi analysers were calibrated daily before Start of routine analysis.
The Ektachem was calibrated once and adjusted for optimal agreement with the Hitachi 737 by the manufacturer toefore the start of the evaluation. During an initial phase both Instruments were operated in parallel. Adjustment was made by two point factorization of the Ektachem 700XR based on linear regression of the collected data. Approximately 80 -100 paired samples were utilized for the regression of each analyte. Strongly deviating results ("outliers") were ornitted from the coniputations. As stated by the manufacturer, the calibration was reliable for all analytes during the whole evaluation period.
Analytical imprecisipn was determined by analysis of appropriate control materials after every tenth sample. For the Ektachem 700XR two serum pools were used, while Kontrollogen LU (Behringwerke AG, Frankfurt, Germany) was used for the Hitachi 737. Accuracy was monitored with Kodatrol I or Kodatrol II (Kodak) for the Ektachem 700XR, and with Monitrol I (Baxter Deutschland GmbH, Unterschleißheim, Germany) and Kontrollogen LP (Behringwerke) contrpl sera for the Hitachi analysers. j
Analytes
Visually normal samples from sera submitted for routine analysis were used for all comparisons. Measurements were performed in batches consisting of « 20 specimen on both analysers on consecutive days at the same time. ): *--glutamyl-3-carboxy-/?-nitroanilide / Z,-y-glutamyl-/?-nitroanilide), the determination of glucose (glucose oxidase / hexokinase), creatinine (creatinine amidohydrolase / Jaffe), and calcium (arsenazo III / o-cresolphtalein).
Methods

Devices
A Hitachi 737 analyser (Boehringer Mannheim, Mannheim, Germany) which is used for routine analysis in our laboratory was compared with a Kodak Ektachem 700 XR analyser (Kodak AG, Stuttgart, Germany). For coraparison between two conventional analytical methods the results of the Hitachi 737 were compared with those obtained by a Hitachi 717 analyser.
Statistical methods
The statistical methods
Passing & Bablok (10, H), linear regression (12) , and principal component analysis (13) , respec-! tively, were applied for method cornparison for all investigated analytes.
For the assessment of deviations we computed the frequencies of relative differences d t between values obtained from the same sample x { by both analysers:
were H denotes Hitachi 737 and K Kodak Ektachem 700XR.
As discussed below, clipped ranges of deviations were used in some instances.
For computations the Software packages Statgraphics (STCS Inc., Rockville, MD), SAS (SAS Institute Inc., Cary, USA), and Methoden vergleich (Boehringer) were used.
Results
Method comparisons
The between-run itnprecisions of both Instruments during the evaluation are given in Significant deviations with respect to slope or intercept werfe öbserved for most analytes (especially strikt ing: sodium, aspartate aminotransferase and lactate dehydrogenase). Our results are, however, comparable to those published by others (3, 14) , who judge overall conformity to be satisfactory.
Frequencies of discrepant results
Inter-instrument bias related to analytical inaccuracy
Desirable goals for analytical errors have been related to biological Variation (15) . According to Tonk's rule (16) , for example, the allowable limits of error should not exceed ! / 4 of the reference interval. These concepts have been applied to analytical inaccuracy by Stamm (17) and have recently been adopted äs criteria for the establishment of tolerance limits in intra-laboratory quality control in German laboratories (18). In short, the maximum acceptable percental inaccuracy is three times the maximum coefficient of Variation (CV) from day to day which is defined by % of the respective reference ränge. For sodium, e. g., with a reference interval of 135-144 mmol/1, this gives:
144 -135 -4 -= 2.25 mmol/1.
As a percentage of the reference ränge (with some rounding off) the maximum CV is computed äs: 100 Further, the maximal percent inaccuracy of a single result is three times this maximal CV, which in the case of sodium will give 6%.
This inaccuracy can be interpreted äs the maximum deviation from the true value the clinician has to take into account ifshe/he compares patient results with the reference ränge ofthe analyte. The application of these limits äs cut-off values for the assessment of deviating results is aimed at demonstrating the number of excessively high differences wliich can lead to ipossibly wrong diagnostic decisions.
Because our primary interest is in diagnostically relevant inter-instrumental bias, only determinations with at least one of both results beyond the reference interval (sodium, potassium, calcium, glucose, protein) or above the upper reference limit (enzymes, creatinine, urea, triacylglycerols, bilirubin, cholesterol, uric acid) of the respective analyte were considered for the computation of the frequencies of differences. Unfortunately, for some analytes (potassium, calcium, protein, creatine kinase), there was only a small number of pathological results, thereby lowering the accuracy of the respective frequencies. Table 3 shows the relative frequencies of differences between paired measuremerits which exceed the quality control-derived limits. For most metabolites and electrolytes these frequencies are small. However, for potassium, protein, and most enzymes considerably high frequencies (up to 22% of all investigated sarnples) were found.
As shown exerhplarily in figures 2a-d for some analytes, these differences were not distributed perfectly symmetrically with respect to zero. This might be explained by a systemätic offset of one Instrument. We have not corrected for such bias, using e. g. linear regression, because (i) both analysers had been adjüsted optimally before start of the evaluation,
(ii) the calibration ofthe Ektachem was stable during the whole evaluation phase, and (iii) the day-to-day imprecision of both analysers was also satisfactorily during this phase.
The eliminatiön of systemätic and proportional bias by use of linear regression would of eourse have decreased the frequencies of deviating results, but using the evaluation-data themselves for such "recalibration" woüld prodüce both over-optimistie and unrealistic results. Under routine conditions it wöuld make no sense to perform all measurements on both analysers. On the other hand, if only some samples were randomly selected for the adjustment, the results of just these samples migfet by Chance be strongly divergent, leading to even worse overall perfofmance. With respect to the critical differences, the frequencies of deviating results were generally higher than those obtained using the inaccuracy criterion. For enzyme activities they ränge from 0.24-0.64. Additionally, the frequencies for sodium, calcium, and creatinine ( fig. 3 ) were much higher than those obtained using the inaccuracy criterion ( fig. 2a) .
Inter-instrument blas related to critical differences
Inter-instrument differences between two conventional' analysers
To investigate whether the reported discrepancies aje due to the analytical itiethodölogy, we additionally compared two Instruments employing identical methods. Restricted to five of the r niost deviatiiig änälytes, this evaluation was performed äs described above for the comparison between Ektachem 700XR and Hitachi 737. The results are given in table 4 and exemplarily for serum creatinine in figure 4a--b. With respect to the inaccuracy criterionj there was high conformity between the two Instruments. Much higher figures were observed using the criterion of critical differences. But, except for the analysis of creatinine, these fractions were only about 50% of those found for the formet comparison. 
Discussion
This paper was initiated by experience of the introduction of an analyser based on dry chemistry sheets into our laboratory, which otherwise employed solely conventional wet chemistry-based analysis. The plan was to use a Kodak Ektachem 700XR in the emergency laboratory in parallel with two Hitachi 737 machines for routine analysis.
After adjustment of the Ektachem 700XR to the currently used analysers (see above), satisfactorily correlation and regression data were found. The results shown in table 2 are in agreement with the data found by others (3, 14) . Also with respect to internal quality control, both techniques give similar results, äs shown in table 1. Fulfillment of these criteria is commonly accepted for sufficient comparability between methods (20, 21) . Nevertheless, during parallel use a notable number of discrepant results occurred which were reproducible and thus could not be explained by chance alone. This therefore raised the question of the frequency of medically relevant differences (15) caused by the coexistence of diverse analytical methodologies.
In general, physicians request laboratory tests for two reasons: to assist in diagnosis or to monitor patients (22, 23) . Because inter-instrument bias will have different effects in these two areas, we established two sets of criteria for the assessment of excessive differences between both Instruments.
For diagnosis, analytical results should agree with respect to decisions based on established reference intervals. a Maximal allpwable relative deviation for analytical inaccuracy according to the quality control guidelines for German laboratories b Number of cases outside the reference ränge are given in parenthesis c Change in serial results from the same patient necessary for statistical significanee (P <, 0.05) menl of enzyme activities at different temperatures is cumbersome, since biased total activities will emerge from differences in the temperature-dependence of isoenzymes. In addition, Variation of Substrates or cofactors, e. g. supplementation of the assay sample with pyridoxal 5-phosphate (aspartate aminotransferase, alanine aminotransferase), can alter the outĉ ome of the analysis in certain patients (7, 26) . Owing to different sensitivity to interference, this is also true if quite different methods are applied, e. g. Jaffe and creatinine amidohydrolase in the analysis of creatinine (27 -30) . Differences in the matrix effects on dry chemistry sheets and in conventional analysis are well known (3, 5, 7, 14, 31, 32) . Since most of these factors show no systematic influence, a general correction by "factorization" is impossible. This explains diverse results in spite of optimal adjustment of the Instruments by linear regression. Only if identical methods are used can an optimal adaptation of Instruments be expected, äs further demonstrated by the higher coincidence of the Hitachi 737 / Hitachi 717 results (tab. 4). At this point it must be stated clearly that by observing frequencies of differences only, the evaluated Instruments are treated symmetrically, i. e. we do not blame one method for producing false results. Depending on the respective analyte, one or the other methodology might be advantageous. Judgement of true results is only possible with respect to definitive methods. Unfortunately, such methods are not available for all anaiytes and method comparisons are performed with respect to nationally recommended procedures. Therefore assessment of accuracy is only possible with respeet to these procedures, and implementation of new technologies can only occur after modification of the respective recommendations.
In conclusion we have shown that several problems arise if different methodologies are used simultaneously in the same laboratöry, even if acceptable correlation data exist. Since method-dependent bias causes considerably divergent results, a simultaiieous use of both Instruments should be carefülly organized. For example, patient-dependent sample distribution (same Instrument for all specimens of one patient) might be appropriate. Another possibility would be the distribution of the applied methods between instruments, e. g. sole use of the most converiient method. Finally, an unselected use of both Instruments combined with careful control and perhaps remeasurement with the alternative Instrument seems possible. But all these measures implicate an increase in workload, costs, turnaround time, and chance of mistakes.
